Abstract: In order to characterize the essential oils of leaves and inflorescences, water distilled volatile oils of hydroponically grown Ocimum basilicum L. were analyzed by GC/EI-MS. Fifty components were identified in the inflorescence and leaf essential oils of the basil plants, accounting for 98.8 and 99.9 % of the total quantified components respectively. Phenylpropanoids (37.7 % for the inflorescence vs. 58.3 % for the leaves) were the predominant class of oil constituents, followed by sesquiterpenes (33.3 vs. 19.4 %) and monoterpenes (27.7 vs. 22.1 %). Of the monoterpenoid compounds, oxygenated monoterpenes (25.2 vs. 18.9 %) were the main subclass. Sesquiterpene hydrocarbons (25 vs. 15.9 %) were the main subclass of sesquiterpenoidal compounds. Methyl chavicol, a phenylpropane derivative, (37.2 vs. 56.7 %) was the principle component of both organ oils, with up to 38 and 57 % of the total identified components of the inflorescence and leaf essential oils, respectively. Linalool (21.1 vs. 13.1 %) was the second common major component followed by α-cadinol (6.1 vs. 3 %), germacrene D (6.1 vs. 2.7 %) and 1,8-cineole (2.4 vs. 3.5 %). There were significant quantitative but very small qualitative differences between the two oils. In total, considering the previous reports, it seems that essential oil composition of hydroponically grown O. basilicum L. had volatile constituents comparable with field grown counterparts, probably with potential applicability in the pharmaceutical and food industries.
INTRODUCTION
Hydroponics, the method of growing plants without soil, has long been the subject of much public interest in most parts of the world. 1 This method of plant production is an efficient alternative for countries short on water supply and limited in agricultural soil. Furthermore, in the last three decades, hydroponic culture has been employed as an economic and environmentally viable means for the mass production of vegetables and potting and/or cut flowers in most parts of the world. 1 Hydroponic production of medicinal and aromatic plants is a new trend in agricultural systems, particularly in organic and intensive agriculture. [2] [3] [4] High yields, cleaner and off-season production, balanced nutrient availability, adequate aeration and high water use efficiency have been defined as the main advantages of hydroponics production systems. [2] [3] [4] [5] [6] Common basil (Ocimum basilicum L.), a herbaceous annual fragrant herb, belongs to the Lamiaceae family. 7, 8 Basil is a cosmopolitan herb and aromatic plant with abundant applications in pharmaceutical, food and fragrance Industries. 8.9 In Iran, basil is a herb with great use in food products and gastronomy. 9 Furthermore, basil production occupies large areas of land, especially near crowded cities. Hydroponic production is a competent alternative for contending with the high demands for this crop.
Pharmaceutically, this plant and its preparations have been used for a long time as immunostimulant, sedative, hypnotic, local anesthetic, anticonvulsant, diuretic, carminative, galactogogue, stomachic, spasmodic and vermifuge purposes. 7, [10] [11] [12] [13] [14] [15] Additionally, several biological activities have been reported for its secondary metabolites, such as nematicidal, fungistatic, antifungal, insecticidal, pesticidal, antiviral, insect repellent and antioxidant. 10, 11, 13, 14 Owing to aforementioned biological and healing activities, sweet basil plant and its preparations have been used to treat nausea, dysentery, mental fatigue, cold, rhinitis, increased plasma lipid content, soothe the nerves and as a first aid treatment for wasp stings and snake bites. 10, [13] [14] [15] The chemical analysis of basil essential oil has been investigated since the 1930s. 16 Lawrence 17 reported that the main components of basil volatile oil are synthesized via two distinct biochemical pathways, i.e., the shikimic acid pathway leading to phenylpropane derivatives and the mevalonic acid pathway leading to terpenoid compounds. A substantial number of studies conducted on the composition of the essential oil of basil revealed a huge diversity in the constituents of its oil with different chemotypes from many regions of the world. Estragol, linalool, methyl eugenol, geraniol, methyl cinnamate, bergamotene, α-cubebene, germacrene D, β-elemene, 1,8-cineole, methyl cinnamate, α-cadinol and limonene are considered as the main constituents and chemotypes of basil from different parts of the world. [10] [11] [12] [13] [14] [15] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] As mentioned above, there are several reports on the composition of the volatile oil of wild and field grown basil. In a recent study, menthone and estragol were reported to be major components of field grown basil plants from Iran. 9 However, to the best of our knowledge, there is scarce information on the chemical composition of the volatile oil of hydroponi-cally grown O. basilicum. The objective of the present study was to comparatively characterize the composition of leaves and inflorescence essential oil of hydroponically grown O. basilicum L. plant from Iran. 
Plant material
Seeds of a native O. basilicum L. plants were directly sowed in 5 L pots. During the germination period and first two weeks of plantlet growth, they were irrigated with tap water. A quarter-strength modified Hoagland nutrient solution was used for regular irrigation of the plants for the following two weeks. Then after, the established plants were daily irrigated with half-strength Hoagland solution until harvest time. The pH and EC of the nutrient solution were adjusted to 6-6.5 and 2 dS m -1 using H 2 SO 4 or KOH and water, respectively. [2] [3] [4] This experiment was realized in a one-layer polyethylene covered greenhouse at ambient temperature, humidity and light intensity, i.e., 15-30 °C, 40-50 % and 500 µmol m -2 s -1 , respectively. The pots were regularly watered with tap water in 10-day intervals for prevention of salinity accumulation in the growing media. 2 The aerial parts of 30 plants (3 plants per each pot, equally distanced for optimum light interception) were harvested at the flowering stage, dissected to leaves and inflorescences and dried at room temperature for 4-5 days.
Volatile oil extraction
Pooled samples (50 g) of air-dried powdered plant materials (inflorescence and leaves) were extracted by the hydrodistillation technique for 3 h in an all-glass Clevenger type apparatus. The extracted crude essential oils were dried over anhydrous sodium sulfate and stored in hermetically sealed glass flasks with a rubber lid, covered with aluminum foil to protect the contents from the light and air conversion and kept in a refrigerator at 4 °C until analysis.
Instrumentation
A GC/MS instrument (Agilent 6890N GC and Agilent 5973 mass selective detector operating in the EI mode, USA) was used for the volatile oil analysis. Ultra pure helium (99.99 %, Air Products, UK) passed through a molecular sieve trap and an oxygen trap (Chromatography Research Supplies, USA) was used as the carrier gas at a constant velocity of 1 ml min -1 . The injection port was held at 300 °C and used in the split mode; split ratio 1:100, volume injected: 5 µl of the pure volatile oil. The detector temperature was 200 °C. Separation was realized on an apolar HP5MS (5 %-phenyl methyl poly siloxane; 30 m×0.25 mm i.d. and 0.25 µm film thickness) capillary column (Hewllet-Packard, USA). The oven temperature was programmed as follows: 50 °C (held 2 min), raised to 110 °C at a rate of 10 °C min -1 , then heated to 200 °C at a rate of 10 °C/min and finally increased to 280 °C at 20 °C min -1 , isothermal at this temperature for 2 min. The mass operating parameters were as follows: ionization potential: 70 eV, interface temperature: 200 °C and acquisition mass range: 50-800.
Identification and quantification of volatile oil components
The relative percentage amounts of the volatile oil constituents were evaluated from the total peak area (TIC) using instrument software. The components of the essential oil were identified by comparing their mass spectral fragmentation patterns with those of similar 1364 HASSANPOURAGHDAM et al. compounds from the NIST and WILEY library databases, as well as by comparing their Kovats gas chromatographic retention indices with those of the literature. [10] [11] [12] [13] [14] [15] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] 
RESULTS AND DISCUSSION
The hydrodistillation of the inflorescence and leaves of O. basilicum L. gave pale yellow liquids with a yield of 0.6 and 0.5 (v/w) based on the dry weight. The chemical composition of the studied oils, their retention indices, molecular formulae and percentage composition are presented in Table І . The main classes and subclasses of the identified components are reported in Table II as well. Fifty components were identified in the essential oil of inflorescence and leaves of hydroponically grown O. basilicum, accounting for 98.8 and 99.9 % of total identified components, respectively (Tables I and II) . Phenylpropanoids were the main class of constituents with methyl chavicol (37.2 % in the inflorescence vs. 56.7 % in leaves) as their main representatives (Tables I and II) . Sesquiterpenoids (33.3 vs. 19.4 %) were characterized as the second major class of volatile components and then monoterpenoids (27.7 vs. 22.1 %). Sesquiterpene hydrocarbons (25 vs. 15.9 %) were assigned as the main subclass of the volatile oil components (Table  II) . Another major subclass of components was oxygenated monoterpenes (25.2 vs. 18.9 %). Monoterpene hydrocarbons and oxygenated sesquiterpenes had a minor share in the essential oil profile (Table II) . Considering the main classes and subclasses, there were quantitative differences between the leaves and inflorescence essential oil. In light of the major class of volatile oil components, i.e., phenylpropanoids, the leaf essential oil was superior to the inflorescence essential oil (Table II) . Contrarily, the inflorescence essential oil was richer in sesquiterpenoids subclasses and oxygenated monoterpenes (Table II) . Methyl chavicol, a phenylpropanoid pathway product, was the principal common constituent of both organs oils. Linalool, a highly appreciated oxygenated monoterpene, (21.1 vs. 13.1 %) was ranked as the second most abundant common component (Table  I) (Table I) . α-Guaiene (5.4 vs. 0.4 %) and β-elemene (2.1 vs. 0.7 %) were defined as two other common components with superiority of the inflorescence oil. (E)-β-Ocimene (0.9 vs. 1.2 %) and eugenol (0.3 vs. 1 %) were common components with higher amounts in the leaf oil than in the inflorescence oil (Table I) . Spathulenol (1.3 %) and α-bulnesene (1.2 %) were constituents exclusive to the inflorescences and leaves, respectively (Table I) . From chemical standpoint, alcohols were the highlighted components of both oils with notable amounts of linalool and α-cadinol. Taking into account the major volatile oil constituents, there was a significant quantitative but no strong qualitative difference between the two oils. Overall, regarding the major essential oil components of the present study and reports of other scientists from elsewhere, it seems that the hydroponic production system has potential application for basil production. Furthermore, the acceptable volatile oil content along with volatile oil richness in methyl chavicol and linalool make the studied oil worthy of consideration in commercial markets. The minor chemical variations from different plant origins and production systems seems to be due to the impact of divergent climatological and geographical conditions (light quality and quantity, soil characteristics, water and nutrient (subspecies, natural hybridization and chemovariety), diverse growing conditions (wild habitats, common greenhouse production and different soil-less culture sys-
